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Abstract

Nowadays all the countries of the world have studied the
various problems caused in operating their own ports efficiently.
Ship delay in the port is attributal to the inefficient
operation in the navigation aids, the cargo handling, the storage
and transfer facilities, and to the inefficient allocation of gangs

or to a bad service for ships.

Among these elements the allocation of gangs is the predomi-
nating factor in minimizing ship's turn round time.

At present, in the case of Pusan Port, the labour union and
stevedoring companies allocate gangs in every hatches of ships
by a rule of thumb, just placing emphasis on minimizing ship's
turn round time, without applying the principle of allocation
during the cargo handling. Owing to this the efficiency of the
cargo handling could not be expected to be maximized and this
unsystematic operation result in supplying human resources of
much unnecessary surplus gangs.

Therefore in this paper the optimal size and allocation of
gangs for minimizing the ship's turn round time is studied and
formularized. For the determination of the priority for alloca-
tion the evaluation function, namely F = PHI"x (W + H), can be

obtained;
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where, PHI : Principal Hatch Index
W : Total Cargo Weight represented in
Gang-Shifts
H : Total Number of Ship's hatches
and also for the optimal size of gangs the average number of
gang allocated per shift (Ng), naﬁely Ng = W/PHI, is used.
The proposed algorithm 1s applied to Pusan Port and its

validity is verified.
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No. 4 Hatch No. 3 Hatch No. 2 Hatch No.1 Hatch
EMPTY 5 3 2
Fig. 2 ~ 1. Cargo distribution of i ship.
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o] AN BT F de HBHHo 3 (gangs / shift) ¥4 =<

o3 ol ek

Allocation 1. Case A9 fififi wHwd W|FE 2.4 1,102 #
#slo] Q. CaseBol mfre 1122 ##s A= of A%
PHI 7} & Af#gfite First Shift of FIRAaES %HHE 28 K
Babel ot o ol fFES W Ammel mEoel m&kE 5
4 gang & 3Shift ¥ Biasel EESHZE B gagol £
Batel 2 Shift & 7lod ol M&ES BEAMSICh ol g3t} A%

B [@Egol 4 Shift ) METTIALEER AST &= 49|

FIRST DISTRIBUTION OF CARGO CASE A CASE B

( GANG - SHIFTS) 2,41, 1 1, 1,2
1 SHIFT V-

REMAINING CARGO 1301
2 SHIFT ++ 4+

REMAINING CARGO 2 112
3 SHIFT + + o+

REMAINING CARGO 1 11
4 SHIFT + ++

0000 000

TOTAL : A ; 4 SHIFTS, B; 4 SHIFTS

AST ( Average Shift Time) @ 4
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Allocation 2. F ##e K% 547k Allocation 13 oo, Fif
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2 SHIFT + 4 +
REMAINING CARGO 1311 000
3 SHIFT + 4+ +
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Read initial data on weight, PHI, number of hatches,
average number of gangs (optimal gangs) and actual

gangs of every ships

Compute the evaluation function F and
minimum total gang shifts AST*

|

Determine the priority of allocation of
gangs from the lowest of F values

Compare betwee
and optlmal Ng

l

? actual (N)
gangs

Allocate optimal gangs (Ng)
from the commanding hatch

Allocate actual gangs
available to each ship ac-
cording to the priority rule

of each ship
L

|

1

Compute AST per ship and total ASTs

l

Z/// Write initial data, F, AST* and total ASTs ///7
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Fig. 2-7. Flow chart of algorithm
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W=9, PHI=4, H=5
i) A B
No.4 Hatch No. 3 Hatch No 2 ~ Hatch No. 1 Hatch
1 2 5 1
W=9, PHI=5, H=4
i) fEA C
No.4 Hatch No. 3 Hatch No. 2 Hatch No 1 Hatch
2 EMPTY 5 EMPTY
W=7, PHI=5, H=2
iv) #M# D
No. 4 Hatch No. 3 Hatch No.2  Hatch No. 1 Hatch
2 6 2 2
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No. 5 Hatch No.4 Hatch No. 3 Hatch No. 2 Hatch No. 1 Hatch

1 EMPTY 3 EMPTY 1

W=5, PHI =3, H=3

BB e piEe MRS gEaW (k2-1)F e

A TR w PHI H F gt A
A 9 4 5 224 2
B 9 5 4 325 4
C 8 5 3 275 3
D 12 6 4 576 5
E 5 3 3 72 1
g A 42 23

Table 2 — 1. Allocation order

(FE2-1>d4 £E @@l 59 fisel HEF FF, fF
¥ gang ESMEFE E.C,A, B, D2 HEdc o M o
o] Aol gang S EEZl doiA ofFel WL gang S EA
slelebs  AST*=23,/5=4.6 (Shift)ol™, UTFTE2+ HEFAFEES

Zog 9o HEEA #HA gang Bl 3t ASTE BEERE F
gote] (F2-2)>% (z2¥2-8)°2F Holr
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Gang / Shift Total Shift AST Remark
N=2 58 11.6
N=3 43 8.6
N =4 36 7.2
N=2=6 28 5.6
N=9 25 5.0
N =10 23 4.6 AST*
N=12 23 4.6
N =15 23 4.6

. Table 2-2. AST per number of gangs

(E2-25° AST@ ZoA —@E Tl N=9% FE X

st g 2o
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Ship E Ship A | ShipC Ship B Ship D

First Distribution 131112141 25 1251 2622
of Cargo

( Gang - shift) N =9 ( Gang /shift for 5 ships )

1st Shift ++ {++ + + + ++

Remaining Cargo 021701131 14 1141

2nd Shift + + +++ + + + +

Remaining Cargo 010100021 03 1031 2622

3rd Shift + + + + ++ | +++

Remaining Cargo 000100010 02 1020 1512

4 th Shift + + + + ++++

Remaining Cargo 00000 01 0010 0401

5th Shift + + + +

Remaining Cargo 00 0000 0300

6th Shift +

Remaining Cargo 0200

7th Shift +

Remaining Cargo 0100

8th Shift +

Remaining Cargo 0000

Total Shift 3 4 5 5 8

AST 25,5 = 5 (Shift)
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e mgA T E delu HBS Fiuo gl gang e B A #
fexe stz Utk o2 Rl HEHEH A BREMEAA & BEH
T BaAAIZ JdE%s HAZ SBHAOTEI ol FeAx w2 U=
# fE ol o

3.2 AWmae SBESHFEE AR

1985. 1. 1 2 1985. 6. 30 7kl & 2,000 G/T LAESl #ael £
1604 0] ok, & HWET MMBE —REBEI AF # 1| 165
€, w2 MW 2224, PREE 188, EIKM 39K, %4 B
6104, 2z HTBE/ Tlgo]des, FuloEHEE(B.C.T.0.C
. BUSAN CONTAINER TERMINAL OPERATING CORPORATION) #5

mEE 263% o3z B6WEsE 327T#o] JTh

3 ¥ gl 2 = FLATAT | A0
A1 35 165 53.3 51
A 2 BE 222 66.8 57

5 % 188 78.17 86
A 3 EF 339 © 57.2 64
A 4 B F 619 34.2 55
AT R E 71 135.7 56

g Al 1604 55 60.5

Table 3 — 1. Turn- round time and berth occupancy rate.
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Bkl ek A w2 g = 4 F o
S-S

=/ Shift [@EQun g1 Argx & 59l =} A 49 =)

7 4

E arn . )
¢ A 250 18 18 20 ( Bag ) |20 ( Bag)
o] =23 300 12 6 4 2
H] 8 300 | 12 6 4 2
g g 500 12 6 4 2
S 450 18 14 8 8
: 7 224 )| 22 (s A
A 3 300 | 16 14 5 3
k) Z | 300 ‘ 12 8 4 2
3 A ! 300 16 15 10 10
Al 5 E ‘ 300 16 13 10 10
A e} ] 300 16 16 10 10
o] J 48 TEU 13 13 3 3

Table 3 — 2. Numbers of persons and cargo weight per unit gang.

°f RE oMol SFH (gang) & ¥AAA SHBHS i/ E
ANE% MmEfFgEes shio MREIE THAA S manEmrsmEe &
MMEE REEH LY F K ( Despatch ) S 4 75} %) %& 7 9
SEE BEY SHNE EMHsm gE oo BE3 HBHe
FIMstnl  EE  jesiel  AST ( Average Shift Time) & ®|\/p2Z  3lxm

HEFET HE|sd 2 2o Al a¥AE @ o) g0

R
T
=
=
o
o
M
=¥
z
P
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o MEsES Rt E B, A7 AE
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giw A gangd FHEHHEKRA ASE M HHtzA Eid=
o2 BEHIE E®EI}H, Bl wmge S5MEmE ot Fol 3
o] B MEMEEET S pl ‘4.. ABE 3fE BEYHK
B 2@ sy, 2dx C#¥< AES e WMo E F
y®H#H N,E 7 (gang/ Shift )ol ok
T Al A % | B % C 5% L2
A A 13 14 15
3 5 F 2 3} 2 3} 2 3}
Z3pEF (W) g A
( gang - shifts ) 10 8 26 44
3 & #F F 3 2 4 9
8l B A4 ¥ 1 2 3 1 2 1 23 4 35S
( HATCHWISE Cargo) 3 5 2 5 3 5 7 10 4 |PHI % AST
( gang - shifts ) A 20
N, 2 2 3 TOTAL
7
First shift o + + + + + + + + + 9
vl x5l A" Gang (3 gangs /shift Y(2gangs/shift) (4 gangs,/shift)
+ ol A" 9} gang BA Shift & fHFx54 (gang 2
diff,)
Table 3 — 3. Pattern and distribution of ship’s cargoes

(No. 1 Pier)
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(K3 —=3)e ¥l #AY TREES S R AMMAMH] o
H O BYRREE Ry fIEfF¥e ahed, Shift® BHRSBH Hol 2
gang o] g 3 E 2 ssfts i EF¥ES St A %ole 4 (gang
Day) ol #®h%HHE 2n At Holoh ema 1 gang o] 15
B BEEA HSdE 6049 BERGE NS EMslz Adx Aol d
°lF HEIZ Jeuv 209 BEQIH, 3#£9 MEEETHRES P
HI &5t 203 WH—St22 FHEHH(NDS #AT 2 #HiE
el BBBRML EHIAE ASBS 0 mET < gonz  F
BB BAY A9t wygvic B A9 Aol 9lol A ity el
MIERET THRES L7 2 (gang,/ Shift ) o] ¢},

Y. B2mE MR

R2BE 6O mER 33£S maAA FRIEFES ko3
Rmstd (K3 -4 )4l Hol: Axy Difin-& 3 H4sol
BYel #@#slel Sy, EMMS 2@ Hwoihol o -3 e F i ff 2
4B ‘Yol ol KEslo] gonz D#i#iS  Shift % 3gang
= BA, EMMS 2gang, 233w Fapmo 4gang & HA, fEE3}
=2 HF 9gangol 39  Shifte] pEsich 294y N &
Astel, DR 2 (gang,/ Shift), E fifgo 2 (gang / Shift) =g %
Fifie 3 (gang/Shift) 7} S22 &3 7 (gang,  Shift) 7} = ot
BAE 9 (gang /Shift) o fi#%fk% Pattern® 2 (gang / Shift )] id-
le gang & @aEsz do. FF 2 iy M Em&Y A% 4 gang

o EREHHE EMotm QE A gow 29 BEo| o,
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o)Wl % THML 21 (gang/ Shift )ol oh

T A4 | D R E 5% F 5 L] B
A A 21 23 25
3 B F F Alel B A 3 | AAFHEAS
%= 3 &5 9 7 34 g Al
( gang - shifts) 50
3} 5 A 2 2 4 9
3 & A of .1 23 1 2 1 2 3 4 [353H3
PHIZ AST
( gang - shifts ) 2 5 2 4 3 10 7T 12 5 4] 21
N, g Al
2 2 3 7
First shift of + + + + + + + + +| 3 A
A5}l iR (3 gangs/ (2gangs,/ | (4gangs/
¥ gang T shift ) shift ) shift ) ’
Shift ¢ FFx353 2

Table 3 — 4. Pattern and distribution of ship’s cargoes
(No. 2 Pier)

o}, RRRE HERER
gmigol 41 3ES  MAnel EAWMEEES stz Yo (K

35 o4 Hel: ZAH, 3% MM LT/ BRZHNE leans

’
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WERBEAR K85 Rk g @
g masw e ol BaMal N & 0 (gang/shift)oldl B
AMYPEES 12 (gang, shift )o] 2 &  idle gang o] 3 (gang/ shift ) ©]
9. s% 24 M LEEEES SE AT cgangd BAREHNS
RS T 9os ol 3%l miolE ot  MfEEETHME
B A ALY, BRE fHieel gangHE #H A A St

W] —3kA 27 (gang / shift ) o] o},

T A G %% H 5% I 5 -
A A o C, C,
3 ¥ F 4 = of F  |Astd EdlolY]
% 3 = % g A
( gang - shifts ) 20 29 30 79
3 & A 4 4 4 12
3 5 4w % 1 2 34| 1 2 3 4/ 1 2 3 4 |35H93
PHI% AST
( gang - shifts ) 3 7 6 4| 510 9 5! 51010 5 A 27
N, 3 A
3 3 3 9

First shift 2| + 4+ +++++ ]+ +

A 3h=2to] i 2 (4 oangs / |ﬂ S (4 gangs g A
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olwf MEIFET THE-E 21 (gang/ Shift)o] o},

FE A= | D % E % F 5% )
A A 21 23 25
3} 5 F F Al el E a3 | 7IATEAE
% 3 £ # 9 7 34 g A
( gang - shifts) 50
g 2 2 2 | 4 9
3 & 2y o 1 2 3 1 2 1 2 3 4 {35343
PHIZ AST
( gang - shifts ) 2 5 2 4 3 10 7 12 5 | gA 21
N, & A
2 2 3 T
First shift of + + + + + + + + +| 3 A
AshgAe] x| (3 gangs/ | (2gangs/ | (4gangs/
% gang shift ) shift ) shift ) ’
Shift & FHFr:EH 2

Table 3 — 4. Pattern and distribution of ship’s cargoes
(No. 2 Pier)
o}, hRIBEE THEFE
Eyaael 4 fHQ 3 &9 o]l BEERMEE(S Iz U (£
3 -5 e XHole ZAXNH, 3% MM EF/ HERBPHNHL lgang
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WERITE AR KB /UK £ 8
M gmasbs otk ol® EaAmmL Ny = 9 (gang/ shift )oldl B
AHEES 12 (gang / shift)o] 22  idle gang o] 3 (gang/ shift ) ol
o oshE 24k mLEEEEERS ke A 6gang o EKRBH =
mRestz 9low olE 3%l mEdE ZelTh R A R

ruseHH #wAd AFS, X il gang HE HAZ AT

rin

W —3bA 27 (gang / shift ) o]t}

T A G % H 5% I %% L]t
A 2] Cy C, C,
i & F W 4 5 ok F |t Eelel
z 3 & ¥ g A
( gang - shifts) 20 29 30 79
3 & A F 4 ' 4 12
o & A4 & P o i 1 2 3 4/ 1 2 3 4 |353HT
PHIZ AST
( gang - shifts ) 3 7 6 41| 510 9 5| 51010 5 A 27
N, & A
3 3 3 9
First shift 2| + 4+ 4+ + |+ +++
2 3H-5- Aol vl A (4gangs/ | (4gangs/| (4gangs/ g A
¥l gang T shift ) shift ) shift) 12
shift & frHFxsH 3

Table 3 — 5. Pattern and distribution of ship’s cargoes
(c.pP)



AWM B2 PHEM BSol Bt

eb. #HIWME MREX
4o Afc)  BR, WEEXES [z s, JTHvAES 4@ B
mig, Ko 3{E sos, Lmme S50 HHHM 23z M
o off fmwmwe JHA fRAsolebm sk, (K3 — 6 Yol Hol&
AR Llg BEAA Sk MEMKFEE Patternd ISt gang
o gmwmartet BASHE, FHEHH (N 2 gangs ~ 1Shift & 3%
msl o &, ol ol wmtkHH ek HF 2xHf e
ol A% dgang 7t WKHBHHolH o & 17% ®@Eolch ol #&
EEs TS N, A A, EE HYHel gang TE F
Qe #est FdstA 42 (gang / shift) ol o
FE ke ] B K & L 5% M 5 2] 1A
A A 32 33 34 35
3 & F F 2 st o] % A A 3}
%z 3 ¥ % g Al
(gang - shifts ) 21 15 80 15 131
3 5 & 4 3 5 2 14
sh o @ w k| 1234 123 (12345 1 2 |[3FPUS
PHIZ AST
( gang - shifts ) 5745 555 1020 152015] 5 10 A 42
N, g A
3 3 4 2 12
First shift B B T e s R 14
A s} 8ol wlx | (4gangs,/| (3gang/ (5gangs,/ | (2gangs/
5|  gang T shift ) shift ) shift ) shift )
Shift ¢ FHF x4 2
Table 3 — 6. Pattern and distribution of ship’s cargoes

( No. 3 Pier)
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286 BEWEKS KB AK B8 H
vl B4 BIE ATREE

5%  jidfel #Emstd M EMEMFE¥XS Stdx Sbel, N 4

W ‘Wi, OMM 3 Ko, PamS SM Ko, Qmme

2@ Hois, 22l RMMNS 3 KoM Mmook (X3 -T)

oA Holv ZAAH FHEHH N+ ldganglel EEHE HAH

B fje]l It Shifto] 17gang o] 28 3 ( gang, shift ) ¢ iR NG AR

2tz 9ok dFel 240 M LMF¥S slml, 6gang o  WKE TS

s Zz AdE A} H—3H, ol 21% #EE o R 1E 3%

5¢ T BefE-& 34 (gang / shift ) o] o,

ks

FE A N B O 5 P 5% | Q B | R 5| v

A & 41 43 4% 41 49




EME e HEL) Kool Mt
eb. HIWE FEMER
sl fpAmol EE., W&EFEE oz FHx, A 4@ &
mig, Kmme 38 By, Lpsne 5@ H=ot 2z M
o ofF HmHWe b Aol kx4, (k3 —6>ollA Hels
AR U mEAA BRI MEHRMEX Pattern-& Histe] gang
o gypiarist BASE, FHE®N (N,)® 2gangs / 1Shift & &%
®oh do &, ol el wkBBACIh BT 2 A My BT AR
o] A% 4dgang 7t KB D ol ol 17% ®Eolch o= R

s TERS N & BAZR AeS, ES i) gang ¥ &% ¥
Q)3 AS 7t FTAsHA 42 ( gang / shift ) o] e},
T A7 ] S K % | L % M 5 n oz
Al A 32 33 34 35
i &5 F A 3 | Eelely & A 2 3}
%z 3 & g A
(gang - shifts) 21 15 80 15 131
3 2 # F 4 3 5 2 14
3 5 A9 1234 123 12345} 1 2 |3EANS
PHI%Z AST
(gang-shifts) | 5 7 4 5 5 5 5 11020 152015 5 10 g 42
N, 3 A
3 3 4 2 12
First shift 4+ 4| A+ [+t 14
A sh2 ol ulx | (4gangs/| (3gang/ | (5 gangs / | (2gangs/
5| gang 7T shift ) shift ) shift ) shift)
Shift @ f&F x4 2

Table 3 — 6. Pattern and distribution of ship’s cargoes
( No. 3 Pier)
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WEREXE KB R30k $86
oh. B ABBE MEFE
S giisAcl st MEMBMERE oz skw, Ngme 4
fd &Wi, OMAMET 31 B"HW, PRMS 58 E¥HH, QMM
i HWH, 28z RMAMNS 3M HHE Mmoo (£3-7)
AA Hole ZHAH FHHHH (N,)v ldgangdd BE HAY

J30] ¥ Shifte]] 17 gang o] =2 3 ( gang shift ) 2] Wk B &

&

Haoogleh stFel 2K M EfF¥ES Shwl, 6gang o KB E N
= A E—3e, ol 21% EEolch olw  MfE%

T A N 5% O & P B |1 Q B |R 5 |v¥ =
A A 41 43 45 47 49
3} = F F 9% F z A pARLAs| A A st
% 3 = %
( gang - shifts) 9 12 18 14 30 83
3 = % 4 3 5 2 3
32 e ek 1234123 [12345/[1 21123
PHI. AST

(gang-shifts)| 1 3 2 3 444 123454 |7 715 1510|384 34

xoh

N oA

b4

3 3 4 2 2 14

First shiftell | + + 4+ + | + ++ | +4++++ |+ +|+++] 17
3z ekl Wil %] | 4 gangs,/ | 3gangs/ | 5 gangs/ |2gangs,/{ 3gangy]
%  gang shift shift shift shifs shift

Shift ¢ FHFx53 3

Table 3 — 7. Pattern and distribution of ship’s cargoes
(No. 4 Pier)



SMBHNHS WEE EFl M
wh. 7 HE FEMER k
2 0 fuAfol R, MEEES Foz ok ofH SHMZ O
B HEwiE, THHT 5B KoKt (£3-8)rd4 Holg A

A8 FugHH (N)L 8gangoldl, BERAHD I 1sto] 10
el

ol

gang otk el Z 2 olWel wEKSBHL 2 (gangshift) ol
= o4f MEMEY A$olE 4 (gang/shift) 7t EKH BTl

=

o] 259% EEolH M{FExTEME 52 (gang/ shift)oh

287

7E 4 s % | T % W o
A A 72 73

3 & T F = A =z, 2

2 3 % @

( gang - shifts ) 27 170 197

I 5 5 10

52 A e 1 2345 (12345 | stg3as

PHI 2 AST

( gang - shifts) 5 7 5 7 3 | 2545302545 | Al 52

N,

First shift of + + 4+ + + + 4+ + + + 10

A 3h5 2ol Wi A

% gang 7T

Shift & ®HFx3FH

Table 3 — 8. Pattern and distribution of ship’s cargoes
( No. 7 Pier)
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BERERR KB Ruk £66
3.2.3 |EY MEMFE KR

A TR EEE [ e | Y S
18% | 3 44 9 7 9 2 29 % 20
2pz= | 3 50 9 7 9 2 29 % 21

Zopnz | 3 79 12 9 12 3 34 9% 27
3HE | 4 131 14 | 12 14 9 17 % 42
4RE | 5 83 17 | 14 17 3 21 % 34
7TRE | 2 197 10 8 10 2 25 % 52
g A | 20 584 71 | 57 71 14 | BTF25% 196

Table 3 — 9. Comparison between actual and optimal gangs per

pier in the Pusan port.

(&3 -9 olaA HolEy ZAAY 20% #Afol N, =57 (gang/
shift ) 7} &IE gang #ol ok & B A@msncl o GIEM M
vl estAlet "How, o F 2R EFEANA HBHEKHHERS 114 gang
of BESHE 2L FHYL BIEHEE Emstd B Aoloh EK
SFEE Shift % ldgangol B2 24RIFERT THEHHY 25
%ol mESHE 28gang &, (154 gang 4§ AF) 420% EE)
BRAER sHe oo olHdt BEKRAMNAES B A B Aot
wEmEKe o fEd A £4 WEKel AAT, WF BRED
J10)  wew, HEgpoR At WAZE F odA 2 Aol

(F£3 =9 o4 Hole ZAAY —KBEHY BIBEAA FTH
E7hA % WEH FHEEHH (N, BEEASZG T (A), EKEE
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5 (1), 2 ferp¥msfil (AST&EH )OS EMHsAzE BXskd (2
d3-3>3 o HITHEAAY BHEHAA REREASD
e BREEHSHHY R EHEEASBHoE deblz ok
2y 209 MMM MIEESETEM2 196 (gangshift ) o2 &

B%E®HH LlEe gang AL 2# WKHI ol =k

/A ¢ idle gangs

[] : average number of gangs

(O : actual gangs

*- ! total ASTS [
4 200

/ 4 180

féso- / 4160?
‘370- / {140 &
° 2
5 60 F ] -1200
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A 4200
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Fig. 3 — 3. Cumulative frequency distribution of general piers.
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